
in-Delta export reductions. Assets were allocated as needed to car~ out the fish protection actions and to

Gaming Summary Report pay otTdebts to water suppllos as necessary.

Introduction                                                                 Simulation of New System Assets
Asset                 Early Stage 1                   Late Stage !

The following is a summary of the Gaming results. Gaming was conducted by the WMCT during the Expanded Banks Existing rules plus 500 cfs more Full use of 10,300 cfs capacity was
weeks of I 1/15 and 11/22. ~ simulated the potontlal effects of the Water Qnality Control Plan and ailowed in anmmer perlnd per 1999 ailowed per meeting uther rules.
CVPIA b(2) actions on system hydrology and water supply. Limited EWA assets were included in the actions.
games. JPOD Allowed. Allowed.

Games undertaken were designated IA and lB. Game IA represented early Stage 1 conditions and assets. Intertie Included. Included.
Game 1B represented late Stage 1o

Participants included representatives of CALLED, the USFWS, CDFG, NMFS, USBR, CDW~ water
Groundwater Banking 104) TAF ofpurehase available in all100 TAF ofpurcha~ available in all

years excopt third year or more of yesrs except third year or more of
districts, and environmental organizations, drought, drought.

Delta Island Storage Not iuclmted. 200 TAF ofcapaclty included with
Methods on,half directly connected to ~outh

Delta pumping plants.
Delta Barriers Not included. Included.Simulating Water Management System Operaffons

Gaming simulation involved resl-time modeling of system operations using historic daily and monthly Hood-Mckelmm~ Not included. Not inclnded.
hydrology and operations data as input. New operation rules, ~ystem storage regulations (e.g, USACE Connector
flood control rules), WQCP standards, and export and delivery demands of water users are simulated along
with new assets and fish protection actions. Model simulations predict the effect of new assets on water New Fish Facilities at Not included. Included.
supply and system operations. Flow and export changes suggested by fish agencies are simulated and Cliiton Court Forebay
effi~cts on systero operations, water supply, and system hydroiogy observed. Simulations generally (CCF) and Tracy
consisted of making changes to a baseline condition and then observing differences in model parameters
generated by any changes made. Model simulations have a turnaround of only several minutes, thus CVPIA b(2) Water Included upsUeam AFRP actions, Included upstream AFP, P actions,
providing quick feedback to gami~ participants and also to allow par~cipants to make adjustments to WQCP, in-Delta actions. No b(2) WQCP, in-Delta actions. No b(2)
actions and level of actions, water banking, water banking.

ERP Water Not included. Not included.

Simulation Models Enlarged Shasta Not included. Assmned an additional 290 TAF of
storage capacity.

DWR’s DWRSIM model and the DAILY OPS model developed by Russ Brown from Jones and Stokes EWA Assets Relaxation of E/I standard. Relaxation of EJI standard.
Inc. were used to simulate system hydrology, project operations, and EWA actions. The DAILY OPS
model is a Lotus slyreadsheet model with extensive interactive and charting cupabiliti~. System operations
input and output data f~om DWR’s DWR~I~�[ monthly system operations model were inputs into the
DAILY OPS model. System operations changes ioclnding EWA action= were fed into the DAILY OPS
model to observe changes in daily hydrology and systems operations, and effects of EWA and other
actions. Changes in hydrology and system o~ were ~ f~d back into DWRSIM and the simulation
thus progressed yeas-t~>-year using the two models. Years 1981-1990 were simulated as a sequence in the
order they occurred.

Fish Templates
Fish templat~ were designed to guide asset allocation dtaing the simulations and are based on the
perceived needs of key fish species in terms of flows and export restrictions developed f~om the historical
uperation and hydrology conditions simulated in the models. Fish templates were developed for each year
of the model simulation from hist~rloal fish salvage and project operation data. Each need or concern
identified was given a priority based on perceived risk to the respec6ve fish populations, which included
the state of’the tx~utJon in the y~ar in question.

Application of Fish Protection Actions
Fish protection actions were applied during simula~ons based on the fish ten, late= and systems operations
information as the simulation played out. Fish protective actions included upstream storage releases and



Res ults                                                                         Water Supply Actions Employed
Asset Ur, ed             Early Stage 1                   Late Stage 1

Fish Actions Employed (Game IA) (Game 1 B)

Fish Template Early Stage 1 Late Stage 1
198] Exported fi’om Delta islaM storage;

limited use of Expanded Banks in July
Feature (Game 1 A) (Game 1 B) (no~ needed in winter).

1981 30-day VAMP 1982 Two months in winter and two months in
1982 One weck export reslxi~tlon in Dec. 60- surrancr full Expanded Banks; Exported

day VAMP (export limits 3000-5000 from Delta islam storage.
cft). One week expo~ res~iction in June 1983 One month in ftll, two months in
to 10,000¢fs. summer of ExpaMed Banks.

1983 With high inflow, restricted exports to 1984 Limited use of Expanded Banks in
7000 cfs in November, 5000 cf~ Dec- summer, otherwise not needed.
mid Apr. 3000 cfs VAMP limit mid-Air Exported from Delta islam storage.
to mid-May. 7500 cfs export limit mid- 1985 Exported fi’om Delta island storage.
May thmush Jnoe. Filled Delta island storage and used

1984 Restricted exports to 5000 cfs in Mar. Expanded Banks fully fi’om mid-Nov to
2250 cfs VAMP export limit mid-Apr to mid-Dec. Expanded Banks used through
mid-May. 3000 ¢f~ export limit first half January and part of February, and th~n
of Apt and last half of May. again in Jul-Au[.

1985 30-day VAMP 1986 Expanded Banks used through January
1986 Dec export restriction to 8,000 cS. and part of February, aM then again in

Two-week export restriction in Feb to March.
7500 cfs. 30-day VAMP 1987 i Expanded Banks used in part of Oct, Jan,1987 Mtrch re~iction to 5,000 for two and then again in July.
weeks. 30-day VAMP. 1988 Expanded Banks used in Jan, otherwise

1988 December and early January export insufficient inflow available.
re~rlction to 7500 cfs. 75-day VAMP 1989 Expanded Banks used in July to make up
from mid-Mar through May. Res~a~ct storage in San Luis Reservoir.
exports in first half of June to 3000 c~. 1990 Expanded Banks used in part of Jso.

1989 Late December and early Janoal~’ ~-
week export re~riction to 5,000
M~h and my Ap~i expo~ 4-week B(2) Accountingrestfic6on to 10,000 c~. 2250 eft; 30-
day VAMP. Game 1A - Early Stage I Game IB - Late Stage 1

1990 Export l~’iction in January to 13,000 Year Upstream WQCP Other Storage Upstream WQCP Other Storage
cfs. 30-day VAMP. Expozt res~ziction Cost Cost Delta Chaage Cost Cost Delta Chauge
to 30~0 latter hulfof May, all of June, Costs (WS cos~) Costs (WS cost)
and fir~ week of July. 1981 150 430 220 (400)= 350 320 130

1982 0 50 750 (630) 0 50 750 ?
1983 0 0 800 0 0 0 700 0
1984 0 225 575 (590) 0 50 820 (450)
1985 275 390 135 ~800) 240 440 120
1986 0 165 610 (370) 0 165 470 (340)
1987 160 445 200 (235/

250 450 130 (255)
1988 60 450 290 (40)" 45 410 345 40
1989 35 415 350 (400) 60 415 325 (400)
1990 20 450 330 (180)~ 30 450 320 (30)
Also a 10% reduction in deliveries from San Luis Reservoh’.

2 Also a 5% reduction in deliveries from San Luis ~ir.



ExpoI~s For example, there were times when a CVPIA objective was more effectively achieved using EWA assets

Model simulations for the period 198 I- rather than b(2) asaets and rules. It was also apparent in the gandug process that the CVPIA b( I ) and b(3)

1990 under 1995 demand level with new
HISTORIC ~J~D FUTURE EXPORTS ~’OVISIOus were very similar in concept to the EWA.

assets and c~n~’alned by the WQCP and w~ WQ~P lind

b(2) anfious predict future exports will

i        ~
~

In ac~:lition to synergles among the environmental objectives, simulations also iedicated oplxwtunities for

increase in wet years (1982, 1983, 1984, 7 -- synergies among the enviro~ta[, water quality, and water supply assets. For example, opportunities
s ! -- =.mum: were identified where EWA water held in San Luis helped to maintain the storage level above the summerand 1986) and d~y years following wet

year~ (1981, 1985, and 1987), and decline ~,~s ,i m~v~ low-point that limits deliveries from the projects. EWA water could also he borrowed or purehased to meet

in dry years following dry years (1988- water supply deliveries. EWA actions to reduce exports or increase flows often indirectly benefited water

1990). B(2) actions and WQCP constraints quality of orhan water exported fro~ the Delta. Gaming included actions taken by the EWA and urban

limit exports in extended droughts. In wet water users to share the cost of increasing Delta outflow to lower salt content and keep fish away fi’om

years in late Stage 1 an Expanded Banks ~el ~te~ ~e~ ~e4 ~e~ ~*ee ~sa7 ~ms l~e* lssa project pumping plants.

will allow greater exports from the Delta.
In extended droughts new assets in late Stage 1 will help to reduce export reductions at least in early years Simulations also identified obvious synorgies and supply benefits of the SWP and CVP operating under a

Joint Point of Diversion (JPOD) process. Though JPOD is consideced a new water supply asset, the(e.g., 1988-1989), but may lead to greater reductions in exports in the foor~ (e.g., 199~) or la~x years of an
extended drought. Additional actions applied under ~ EWA may limit expor~ beyond that pr~dlcted existing Coordinating Operating Agreement (COA) and State Board regulations governing the two projects

under the WQCP and CV’PIA b(2) ir~lemcotation, allow for sharing and effi¢iencies when exposing to ~ respective i’acilit[es and in sharing San Lids
Reservoir storage. Gaming also identified other oppo¢’mnities to share up.ream atorage and conveyanc~

DeHveFios                                 Hm-fon~ ~o ~trroaa r~t.~g~$                                             facilities that would provide enviromnental benefits as well as water supply benefits.

Model simolations for the podo~ 19Sl- , Simulaffng CVPIA b(2)
1990 predict defiveries will increase in wet

i     ~

years (19~2, 1983, 1984, and 1986) and dry ¯ - - Simu[adous included b(2) water, actions, and accounting rifles as key com@oncnts oi’an ~WA. Because no
specific guidance was available for use of the b(2) ascount, siroidations incorporated AFRP upstreamyears t’ollowing wet years (19~ 1, 1985, a~i ~ = actions and export restrictions in the Delta as recommended by lnterior~ above those prescrihed ~y the1987), and decline in d~ years following

dry year (1988-1990), similar to the export WQCP. Future ~(2) uctior=s will he "~ed on bio/og~col need~, hy~ro/m~ic ¢ircure~tm~ceJ. and ~ter
pattern. When water supphes are limited, . ........ ~wi/nbi~ity. The FFI~ WI/[ ~e/ect ~ppropri~te
protections under the W(~K~P and b(2) t~ me ~ ~ ~ ~ ~ ~ ~ ~ Bureau ofRee/nmatio~ m~ the Cali.[or~L~ Depm-t~ext ofWater Re~o~rce~ n~ ia cooperation With the
actions w~l reduce export and thus California Department ofFish and Game and Makeho~der$. "’~

deliveries when compared to historic conditions under D-1485 water quality standards.
Upstream Actions - Fall/Winter Period (October-January)

Delta Ou~]~ow t#~l.o~ ~ rwru~t~ OtrrPLOW
In the b(2) model simulations, water was generally released from ups~cam storage only to meet prescn’hed
AFRP May 1997 Plan target flows below upstream reserv~ir~ in the Sacramento, American, and Stunislans

Model simulations for the period 1981- w~ w~::P me t:(~ rivers as recommended by Interiort. Water released from CVP ~torage in the Oetoher-January period for
1990 predict outflow will decrease slightly ~o ~ .................
in wet years (1982, 1983, 1984, and 1986) there were instances when storage releases could have been classified as b(I) water ifun argument could he
and some dry years following wet years

so =~      ~1
--~o ! - amain: made that the releases could he made as =consequence ofprojectre-operation. However, becanse it was

(1985 ar~ 1987), an~ idcr~se roe~urably ~~
in dry years following dry years (1988- ~

difflcidt to determine what type ofactinus would qualify as a b(1) action under the language of the Act.
releases were generally atlrlbuted to the b(2) accotmt. If reservoirs refilled by the end of Janoa~, ~ no

1990). When water supplies are limited
(dry years following dry years), pr~ectlous , . , ms .ms,~ll,,,a~ charge to the b(2) account was made for the October-January releasus per the Proposed Interior Decision.

Wat~ relea~d for upstream notions was also avallabk~ for recapture and reuse, inclnding export. Gaming
reduce export and deliveries, and thus identified opportunities to increase storage releases at one reservoir and reduce releases at another,
allow more inflow to reach the Bay compared to conditions under historic D-1485 water quality standards, essentially equating the actions as a water transfer from the one reservoir to the other. Water released
Though such t’ednctlons are small on an annual basis, they are often confined to importsnt sp~ng periods upstream could also he exported to Delta Isbnd s~rage or export to San Lnis Reservoir if storage and
when impacts to fish are mere important, conveyance capacity were available. Simulations generally allowed upstream b(2) water to he captured by

the projects, but not for the EWA or b(2) account. Although Interlor~ allows water to he banked and held as
an EWA or b(2) asset, gaming did not include these o~ons, because roles for such actions were not

Discussion ~ by the Propnsed I~te.rior Decision.

Synergies of Assets
Model simeladons ~d the gaming associated with ~ simu]a6ons identified sy~rg~= in roannging the
EWA, ERP, =~I CVPL~ I>(I), IX2), a~ b(3) wat~ ~.oums. Wit~ diff~t allnoati~s, implementation
rules, ~’~ target actions, t~ accounts were more efficient ~ assets and respousi~ilit~s were com~incd, t At~chrncnt 2 of Propo~d Decagon on

[~oject Improvement Act - J=/2 ] ~.



Upstream Actions - February through September control season with less winter spilling. In prolonged drought perin&, the expanded capacity benefited

Water released from C’VP reservoirs specifically for fishery actions in the February through September water supply only in the initial carryover storage.

period is charged to the 5(2) account. This water is accounted for on a daffy basis. Net changes in releases
are used for 5(2) calculations. The FWS, upon written assessment ofhenefits to fishery, may allow water Groundwater Banking
to flow through the Delta (outflow to the Bay). Pass-through water would he charged to upslresm actions Storage and release capabilities from groundwater banks helped to maintain project d~livvties during and
and not be accounted for against Delta actions. Such ~tions were rarely used in gaming simulations afrer the spring export restriction period. Groundwater storage was refilled when excess water and export
because upstream releases wore generally higher than prescribed AFRP flows. Upetresm releases could capacity were available the following fall and wintor. Groundwater banking proved morn efficient with the
have been used for benefits to the Delta. but were not conslderod. Expanded Banks pumping capacity. Groundwater banking was limited by in-and-out capacities.

Water Quality Control Plan Joint Point of Diversion
Model simulation costs araibuted to Delta actions of the WQCP were split between the SWP and CVP, and

The JPOD was essential in maximizing the efficiency of the system par6cularly in allowing use of SWP
up to the first 450 TAF of the CVP cost was charged to the 5(2) account per tho Interior Rules. Generally pumps to refill CVP San Lois storage. Simulations tracked water supply separately, but the simulationssuch costs were to maintain X2 and export/inflow criteria ofth~ WQCP, but some WQCP cos~ to maintain
water quality were also charged to the 5(2) account-

showed that JPOD maximized overall water supply benefits.

Delta Actions - Year-Round Demand Shifting
Export reductions under 5(2) to protect fish were also charged to the 5(2) account. Such actions were taken Demand shif~ng was simulated simply as a shift in demand from prio~ to the San Luls low-point of late

only if assets were available after upstream and WQCP debits were allocated. Generally with the 450 TAF summer or fall to the post low-point period. The simulations a~sumed 60 TAF of demand could he shifted
limit from the WQCP, ~ome of the 800 TAF allocation orb(2) water was left for reducing exports. Rules by MWD south of the Delta to allow more spring VAMP-type constraints on exports without impacts to
limiting February through August export reductions to 640 TAF, or lower (by 25%) in times of water south of Delta project deliveries.

shortage were generally ignored when simulating 5(2). Actions included those recommended by In, riot:
Curtail total Delta CVP/SWP export durin~ critical out-migration periods. Water Purchases and Transfers

¯ Ramp exports up gradually afler export curtailment. Simulations generally did not include water porchases or transfers, or their potential henefits to water

Two additional actions recommendod by the FWS were generally heeded but not addressed directly
supply and water supply reliability, or the environment.

¯ MaintainpoMtiveQWESTJTows-AFRPln-DeltaAction#Sspecifiedmaintalningapo$itlve Simulation of Otherb(2) elements.
QWEST in December and January.

¯ Increase end-of-~eptember storage in CYP reservoirs Operations
The FWS proposed targeting a maximum of 200-350 TAF of actions for fall/winter at the beginning of the

Expanded Banks Pumping Gapacit)~ poriods. These would be adjastable with changes in monthly forecasts over the period. The simulation
Gaming simulatices indicate that use of the Expanded Banks pumping capacity could substantially improve generally allocated up to the 350 TAF limit if AFRP flow pr--=,criptions required that amount.
water supply sod water supply reIiabifity during and after EWA export restrictions. Higher exports
particularly in winters of wetter years increased potential export, delive~s, and carryover storage in San Banking
Lois Reservoir. Higher export capacity after the spring VAMP export restriction (ofl~ April through June) A portion of the 5(2) water allocation can he banked in CVP or non-CVP facilities for fish and wildlife
allowed faster makeup of San Lois storage depleted during the export res~ictious. The makeup was usually purposes. Banked water could not be included in the accounting for Upstream Actioes. Costs for such
allowable from increased storage releases if sufficient supplies were available in ups~eam re~rvulrs. Such banking and use of banked water are to be born by FWS. Banking was generally oct included in gaming
releases were often at a cost to wawr supply if the reservoirs did not refill the subsequent winter, simulations hecause oftbe difficulty in defining rules for banking and use of banked water.
Oppozt~ni6es were sometimes available to backup water into upstream reservoirs during spring export
restz~ctions, thus limiting the cnst to water supply.

Transfer’~/Exchange$

In-Delta Storage Trans~ of upstream CVP reservoir water to otber water users for fish and wildlife puqx~’s is allowed
under CVP!A b(2), bat was rarely employed in simt’Jations bec=us~ ot’r~trictions and vague rules for

In-Delta storage can inv~rove wat~ supply yield up to the capacity of the storage in some years. In development and use.
simulatious 200 TAF was used as the limit per specifications of the Delta Wetlands Project. The asset may
not be used in wet years because of lack of need. In drier years there were limited opportunities to fill the Relationship with SWP
storage. In intermediate years the~ were times when such storage could he filled and used m~e than once,
thus providing water supply benefit beyond 200 TAF. Interlo~’s Prupos~d Rules stated that obligations under WQCP and ESA actions might reduce CVP’s ability

to support the SWP. However, simulations genorally indicated the SWP substantially benefited from 5(2)

Enlarged Shasta Project actions and associated constraints on the

A 290 TAF ealarged Sh~t project was simulated as a late Stage I assut. In wet years with substantial Potential Synergtes between EWA and CVPIA b(2) Programs.
inflow the expanded capacity allowed a higher initial storage level and a substantial capability to extend

Gaming and simulations ge,a~dly indicated many opportunities for syucrgies between an EWA and thereleasus and provide addit~tal ca~yover storage. More water could he can’ied into the wint~ flood
5(2) progranL All such synergies wouki require approval and evaluatiou before belong allowed trader the



b(2) program. The EWA Coordinating Team developed a list of que~ous for Policy makers to address
before such synorgies would be considered in an EWA program.

B(2) Accounting
Accounting for the b(2) water allocations and accurate debiting of the b(2) account proved difficult under
guidance pmvidnd by In~’iorI.

¯ Though CVPIA Section 3406~bX2XC) provides for up to a 25 % reduction in b(2) water when
agricultural deliveries are r~inced because of hydrological circumstances (e.g. drought),
$imulati~as did not cut back on the b(2) allocation because no criteria were given for how big
the cutbacks should be or under what ~ecific circums~nc~ the cutbacks would be appli~i.

¯ B~canse wa~r released for upsh-nam actions October-January could be exported by the
project~ b(2) curtailment of such exports was essentially double billed to tbe b(2) account per
Interior’s Proposed l~.ulcs~.

Simulating the ERP Water Assets
No a~m~pt was made to simula~ EI~,P water assets. Assets described in the ERP Report could eff~tively
be included in tbe EWA, acknowledging that EKP ob~[ecfives v,~uld first have to be tact, and then the EWA
could use the water thereafter. Questions arose to the availability ofERP wat~ in Stage I.

Constraints on EWA Use
Use of EWA water in simulations was constrained similarly to other water action in the Central Valley. No
allowances were made to relax requirements for tbe EWA. Additional potential benefits were often
identified if the EWA were not cons~alned by all such requirements. The potential benefits of an EWA
action were iduntified tbat would far outweigh potential impacts of the action. Such tradcofgs could
substantially improve the potential benefits of the EWA.

Appendices

Fish Templates for 1981-1990

Game 1~4 Charts - "~arl¥ Stage 1 H~,drology

Game 1B Charts- Late Stage 1 H~,drology


